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(54) Method for suppressing narrow-band, fixed-frequency interference in an audio signal 



(57) Audio signals frequently contain narrow-band 
interference, which can be eliminated by notch filters. In 
this case, the notch frequency must be set to the 
respective Interference frequency. Adaptive filters are 
particularly well suited for this purpose. In order to pre- 
vent erroneous adaptation to parts of the useful signal, 
and thus a palpable impainnent of the useful signal, the 
adaptation of notch filtering according to the invention is 
performed when no audio signal or only a small one is 
present. The adaptation is terminated, and the coeffi- 
cients of the adaptive notch filtering which were deter- 
mined in the adaptation are retained when the 
interference frequency has been determined and the 
desired filter characteristic has been reached. The 
audio signal is then filtered using the retained coeffi- 
cients, it is advantageous to use an MR notch filter in 
direct form for the adaptive notch filtering. Furthermore, 
it is preferred for the filter coefficients which are related 
to the interference frequency to be averaged during or 
after the adaptation by means of low-pass filtering, and 
for the averaged filter coefficients to be used for the 
notch filtering. 
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Description 



[0001 ] The invention relates to a method for suppressing narrow-band, f bced-f requency interference in an audio sianal 
by means of adaptive notch filtering, in particular by means of an IIR notch filter in direct form. 



Prior art 



[0002] Audio signals such as. for example, music or speech frequently contain narrow-band interference when they 
are recorded or reproduced. This can be. for example, a SO-Hz or 6O-H2 hum owing to inadequate screening of the 
power supply system, hum harmonics or interference from lighting systems. As a rule, the frequency of this interference 
IS either constant or varies only slightly over time. Consequently, the generally sinusoidal interference components can 
be eliminated from the audio signal by means of one or more notch filters of high pole Q. Here, the notch frequency 
must be set to the respective interference frequency. Adaptive filters, which by comparison with the settable notch filter 
find the notch frequency automatically, that is to say require no tiresome setting of the notch frequency by hand are 
particularly suitable for this purpose. 17/. 
[0003] Such a filter is described in BHASKAR D. RAO. R. Peng. "Tracking Characteristics of the Constrained UR 
Adaptive Notch Filter", IEEE Trans. Acoust., Speech. Signal Processing, vol. 36. No 9. September 1988 pages 1466- 
1479. There, use is made of an IIR notch filter in direct form for the adaptive notch filtering. The coefficients of the IIR 
notch filter are determined by means of a Gauss-Newton algorithm with a constant step width. The adaptation is carried 
out continuously in this case, in order to permit tracking of the notch frequency in the event of a change in the interfer- 
ence frequency. 

[0004] Such a continuous adaptation of the notch filter is required in the case of a variable interference frequency 
However, in the case of an interference frequency which is essentially fixed this is not sensible because it is not neces- 
sarily always the interference signal which is eliminated but. as the case may be. a part of the useful signal. The reason 
for this is that tiie notch frequency is controlled to tiie sinusoidal component having the highest level, to be precise inde- 
pendently of whether this is the interference signal or a part of the useful signal. It is thus possible, above all in the case 
of iow interference levels, for tiiere to be a marked impairment of the useful signal owing to erroneous adaptation and 
filtering. 



invention 



[0005] It IS therefore the object of the invention to specify a method for suppressing narrow-band, fixed-frequency 
interference in an audio signal by means of adaptive notch filtering which does not lead to the described impairment of 
the useful signal. This object is achieved by means of the method specified in Claim 1 . 

[0006] In principle, tiie inventive method for suppressing nan-ow-band. fixed-frequency interference in an audio signal 
by means of adaptive notch filtering in which the interference frequency is determined automatically consists in that the 
adaptation of the notch filtering is performed when no audio signal or only a small one is present, the adaptation being 
terminated and a parameter, which determines the notch frequency and is determined in the adaptation, of the adaptive 
notch filtering being retained when the interference frequency has been determined, and in that tfie notch filtering of the 
audio signal is carried out using the retained parameter which determines the notch frequency. 
[0007] The metiiod according to the invention therefore makes use of the finding that the interference is also present 
during tfie pauses in the useful signal or before the start of the useful signal. An adaptation can therefore be performed 
for fixed-frequency interference even at tinese instants. After such an adaptation phase, it is tiien necessary for tiie 
adaptation to be frozen to a certain extent, that is to say tiie coeffients must retain tiieir respective value instead of being 
newly, and thus possibly once again wrongly, defined during the useful signal phase. 

[0008] In the method according to the invention, it is advantageous to make use for the adaptive notch filtering of an 
IIR notch filter in direct form, since because of its simple adaptation scheme and favourable filter characteristics the lat- 
ter is particularly well suited for eliminating narrow-band interference. 

[0009] In accordance with an advantageous embodiment of the subject-matter of the invention, filter coefficients 
which are related to the interference frequency are averaged during or after the adaptation by means of low-pass filter- 
ing, and the averaged filter coefficients are used for tiie notch filtering. This is particularly advantageous since the filter 
coefficients vary continuously during the adaptation, with the result that in the event of a sudden termination of the 
adaptation from one discrete instant to the next the filter coefficients assume only an instantaneous value close to the 
desired value. Although tiiese can still remain acceptable given a low pole Q. they are not particulariy well suited to 
selective notch filtering. By contrast, owing to the averaging, the notch frequency is very accurately tuned to the inter- 
ference frequency after termination of the adaptation. 

[0010] It can be advantageous in this case to carry out the averaging only during tiie last phase of the adaptation, 
since during the adaptation the interference frequency can initially be determined only coarsely, and a precise determi- 
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nation of the interference frequency can be performed only towards the end of the adaptation. 
[001 1] The cut-off frequency of the low-pass filtering is preferably selected as a function of the interference frequency 
determined. By virtue of a continuously optimised value of the cut-off frequency, this permits good attenuation at the 
interference frequency and. simultaneously, a short averaging time, since the time constant of low-pass filters is 
5 inversely related to the cut-off frequency. Thus, the cut-off frequency can. for exanrple. be selected at a fixed proportion 
of the interference frequency such as. for exanple. by a decade lower. 

[0012] It is particularly advantageous in this case to use a low pass of second order for the low-pass filtering. 
[001 3] Finally, it is particularly advantageous to vary the filter characteristic of the notch filtering during the adaptation 
and to retain the parameter, which determines the notch frequency, of the adaptive notch filtering when the desired filter 
10 characteristic of the notch filtering has been reached in addition to the interference frequency. In this case, the band- 
widtii of the notch of the notch filtering is preferably reduced during the adaptation. In this way. the interferer can be 
more effectively found using a notch which is initially opened further. During the adapation, the notch is then narrowed, 
thus increasing the frequency accuracy, and the impairment of the audio signal is thereby reduced. 

15 Exemplary embodiments 

[0014] A notch filter in direct form, also known as a constrained IIR notch filter, can be used to filter out a single linear 
interferer. The transfer function of such a filter is given by 

A(z) l+a*z*'+z"^ 
H(z) + = 



A(z/r) l+a*r*2''-hr'*z~^ 



where 

a = -2*cos(2* *fO/fs) 
30 fo is the notch frequency 

fs is the sampling frequency and 

r is the absolute value of the pole points. 

r determines the bandwidth of the notch, and a high pole Q and thus a small bandwidth implies r close to 1 (for 
example r=0.999). The relationship between r and the bandwidth df is 



r^ = (1-tan(7c Ws))/(1+tan(7i*df/fs)) 



The pole Q is given in this case by Q=fO/df . 

40 [0015] Numerous algorithms are known for the adaptation of the adaptive FIR filters. Thus, the LMS algorithm and 
the NLh/lS algorithm (UVIS = Least Mean Squares; NLMS = Normalized LN/IS), which both belong to the stochastic gra- 
dient methods, represent two important basic algorithms most frequentiy used in practical applications. In the NLf^S 
algorithm, the step size is normalised to the power of the input signal, the adaptation characteristics thereby being inde- 
pendent of the signal level. Clear advantages result from this in applications where non-stationary signals, for example 

45 speech or music, must be processed. Similarly, it is also possible in the case of the invention to use a stochastic approx- 
imation to determine the gradient. A simple LMS-like adaptation is given, for example, by 

a(n+1) = a(n)+mu*e{n)*{r*£(n-1)-x(n-1)} 

50 where 

mu is the step size. 

x(n) is the notch filter input signal, and 
e(n) is the notch filter output signal. 
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[001 6] However, tt is also possible to use other adaptation metiiods. In particular, it can be advantageous to normalise 
by means of an NLMS-like adaptation. Gauss-Newton recursions can more effectively support the convergence to the 
global optimum. 
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roOl 7] A change in r during the adaptation for the purpose of redudng the l>andwidth of tho n^^h « «, 

can be selected, lor example, in accordance with ^"°"9 '^nt'wcWh of the notch or the notch filtering 

r(n+1) = rr(n)+(l-1)*r(inf) 

where r(irrf)>r(0). I = close to 1 

[001 9] If possible, for example, to use a low-pass filter of second order (biquad): 

aO* (l+2*z"^+2'^) 

L(z) 



l+bl*z"^+b2*z"^ 



10020] In this case, the coeffidents must be selected such that the cut-off frequency and the oole Q corresnonri in tha 
opposing requirements of the accuracy of the notch frequency and the duratiS of the averaSno fS 2Z1ST^ , 
pass filter can be dimensioned as follows after the bilinear transformation: ^ ° 

re*f0/fs = (1/2)*arccos(-a/2) 
where a=a(n) is the adapted parameter of the notch filter 

k = 1/tan(jt*c*fO/fe). 

^^ll2!Ll^°^^f^^ '"^^^ '^^^ approximate the arccos. Furthermore, in the case of certain values of c k can 
be cafoulated directly from a by trigonometric transformations. For example c can have a value ofoi ^nH fn Vwc^ 

[0022] The further parameters can be selected as follows- 

35 

Q = 1/sqrt(2) 
aO = 1/(1+MQ+k^) 
b1 =2*a0*(1-k^) 
b2 = (l-k/Q+k^yci-t-WQ+k^) 

« oo^hiiH.?^"^' ^' i"^'' interferers in the signal can be eliminated simultaneously by sequential use of several 
^n^ J ""^"^ ^'^^P*^ this case one after another 

[0024] The invention can be applied in the reproduction and/or recording of speech signals and music sianals In n^r 

^"^'f ^"'"^""^ '^^'''^^ °' entertainment electron'^cs such 2 for «Z e 

be implemented in a single unit specially provided for the purpose, or In a component of a personal corSpS 
Claims 

1 . Method for suppressing narrow-band, fixed-frequency interference in an audio signal by means of adaotive notch 

"j'rrnr^f^Si^ 

' t'lldeTsl^Jesertr ^"^^""^ Performed when no audfo signal or an audio signal of only a small ampli- 
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the adaptation is terminated and at least one parameter, which determines the notch filter and is determined 
in the adaptation, of the adaptive notch filtering is retained when the interference frequency and/or interference 
amplitude has been determined: 
and' 

the notch filtering of the audio signal Is carried out using the retained parameter which determines the notch 
filter. 



2. Method according to Claim 1 . characterized in that filter coefficients which are related to the interference frequency 
are averaged during or after the adaptation by means of low-pass filtering, and the averaged filter coefficients are 

10 used for the notch filtering. 

3. Method according to Claim 2. characterized in that the averaging is carried out only during the last phase of the 
adaptation. 

75 4. Method according to Claim 2 or 3. characterized in that the cut-off frequency of the low-pass filtering is selected as 
a function of the interference frequency determined. 

5. Method according to one of Claims 2 to 4. characterized in that a low-pass filter of second order is used for the low- 
pass filtering. 

20 

6. Method according to one of the preceding claims, characterized in that the filter characteristic of the notch filtering 
is changed during the adaptation and the parameter, which determines the notch frequency of the adaptive notch 
filtering is retained when the desired filter characteristic of the notch filtering has been reached in addition to the 
interference frequency 

25 

7. Method according to Claim 6. characterized in that the bandwidth of the notch of the notch filtering is reduced dur- 
ing the adaptation. 
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